Methods and Results In phase 1 of the study, patients were randomized to receive two to four standard (1 minute) dilatations or one or two prolonged (15 minutes) dilatations after a perfusion balloon had been placed across a single target lesion. Patients with unsuccessful angiographic appearance after phase 1 dilatations had further dilatations in phase 2. Patients were followed for 6 to 12 months after the procedure. Of 9%; P=.003) at the end of phase 1. A total of 114 patients had further dilatations in phase 2 -43 in the prolonged arm and 71 in the standard arm. The final procedural success rate was 98% with both primary dilatation strategies, which included T | ahe impact of the rate and duration of balloon inflation during coronary angioplasty has not previously been evaluated in a prospective, controlled clinical trial. Although observational studies have suggested that prolonged balloon inflation has a high procedural success rate and few in-hospital com-plications,1 reports of its effect on restenosis have been conflicting. [1] [2] [3] Until the introduction of the perfusion balloon, the ability to perform prolonged balloon inflations was limited by the ischemia that developed during the occlusion.45 With a perfusion balloon, prolonged dilatations of 15 minutes' duration have been performed without the development of either myocardial ischemia5 or necrosis.6 Therefore, the perfusion balloon has made it possible to examine the importance of different inflation strategies on procedural and long-term outcomes after angioplasty.
This randomized clinical trial was performed to test the hypothesis that a primary gradual prolonged balloon inflation of 15 minutes' duration was associated with a higher procedural success rate, fewer in-hospital complications, and a lower restenosis rate during a 6-month follow-up period compared with two to four standard A schematic outline of the basic study design is shown in Fig  1. A perfusion balloon catheter (PBC) was used in both arms of the study to test the different inflation strategies. The Stack Perfusion Balloon Catheter (Advanced Cardiovascular Systems) of appropriate size (balloon-to-artery ratio of 1.1 to 1.0) was advanced across the lesion over a 0.018-in. exchangeable guidewire. After placement of the perfusion balloon, patients were randomized to either standard or prolonged dilatation in the first phase (phase 1) of the study.
If it was not possible to place the perfusion balloon or if the angioplasty operator believed that the lesion was too tight for easy perfusion balloon placement, a brief (1 minute) predilatation using a 2.0-mm standard balloon was permitted. A predilatation was performed in 69 of 547 patients (13%). These patients were prespecified by the protocol to be analyzed separately because it was not possible to test the hypothesis of a primary prolonged dilatation in this cohort.
Standard Dilatation
Patients assigned to standard dilatation received 2 to 4 dilatations of 1 minute each. The perfusion balloon was inflated over 20 seconds to a maximum of 6 atm. Heparin (5000 U) was administered during the first standard dilatation through the central lumen of the PBC. performed gradually by increasing the atmospheric pressure by 1 unit every 30 seconds until maximally inflated at 6 atm. Heparin was administered through the central lumen every 3 minutes at a dose of 1000 U (500 U/mL) for a total of 5000 U during the initial prolonged inflation. During second or subsequent prolonged dilatations, the heparin dose was reduced to 500 U every 3 minutes.
All patients had repeat coronary angiographic injections at the end of phase 1. Successfully treated patients (.50% stenosis) had no further dilatations and received routine postangioplasty management. Patients with a >50% diameter residual stenosis or lesions complicated by a major dissection, as determined by the angioplasty operator performing the procedure, went on to phase 2 for further dilatations.
Management in Phase 2
Further dilatations in phase 2 were performed at the discretion of the angioplasty operator. Progressive occlusive dissections were treated by prolonged dilatations of 20 to 30 minutes. Other persistent lesions were treated in the manner deemed most suitable by the angioplasty operator. Use of intracoronary stents was discouraged during the study, although they could be inserted during phase 2 at the discretion of the angioplasty operator. Repeat angiographic injections were performed at the end of phase 2.
Coronary Angiography and Assessment
Coronary angiography was performed in near 900 orthogonal views before perfusion balloon angioplasty, at the end of phase 1, and at the end of the procedure in all patients. Intracoronary nitroglycerin (0.1 to 0.3 mg) was given before each set of injections. Repeat coronary angiography was performed by protocol at 6 months or for recurrent ischemia or abrupt closure either in-hospital or during the 6-month follow-up period. Angiographic injections were performed replicating the orthogonal views used during the initial procedure.
Cinearteriograms were read in the core angiographic labo- Clinical Follow-up All patients received standard management after successful angioplasty. Intravenous heparin was used at the discretion of the investigator. The median (25th and 75th percentiles) duration of heparin use was similar in the two treatment arms (standard, 17 [12, 19] hours; prolonged, 16 [12, 19] hours). A standard 12-lead ECG was obtained 24 hours after the procedure. Serial measurements of serum creatine kinase (CK) and CK-MB were performed twice during the first 24 hours.
The following complications were noted: death from any cause, nonfatal myocardial infarction, coronary artery bypass graft surgery (emergency or elective), abrupt closure in the target vessel, repeat angioplasty in the target vessel, and recurrent ischemia. The definition for myocardial infarction was any two of the following: chest pain lasting >30 minutes, new Q waves or ST elevation (> 1 mV) in at least two contiguous leads on the ECG, or a more than twofold increase in CK-MB above baseline to an abnormal level. The definition of emergency coronary artery bypass graft surgery included all patients sent to such surgery the same day as their perfusion balloon angioplasty. The definition for recurrent ischemia was chest pain of <20 minutes associated with new ECG changes. The definition of abrupt closure was angiographic documentation of TIMI grade 0 or 1 flow. During follow-up, all patients received aspirin (325 mg/d) and concomitant medical therapy as clinically indicated.
All patients who survived to hospital discharge were followed for at least 6 months and as long as 1 year after discharge. Repeat coronary angiography was performed at 6 months after hospital discharge in 320 of 416 patients who had a successful procedure (success phase 1 or 2) and no inhospital complications (death, myocardial infarction, coronary artery bypass graft surgery, or repeat angioplasty). The reason for lack of angiographic follow-up in 96 patients was patient refusal in 73 patients, medical contraindication in 9, lost to follow-up in 6, and other technical reasons in 8. Six-month follow-up also included clinical assessment of functional status (Canadian cardiovascular grade for angina), interim complications (death, nonfatal myocardial infarction, unstable angina, coronary artery bypass graft surgery, or repeat angioplasty), and exercise ECG. Patients with failed angioplasty or coronary artery bypass graft surgery had clinical follow-up within 1 year of randomization.
Statistical Analysis
The randomization was stratified only by clinical site. Permeated block randomization was used to maintain chronological balance in the number of patients allocated to each treatment arm. Patients were randomized after the PBC was placed across the lesion but before starting the inflation.
Continuous variables are summarized using the median and the 25th and 75th percentiles. All primary treatment comparisons were performed according to the "intention-to-treat" principle.
The primary end point was the presence of >50% visual stenosis at the target lesion either at the end of phase 1, during hospitalization, or during follow-up (up to 1 year) as determined by the angiographic core laboratory. Visual assessment of the stenosis was used because it was available in all patients undergoing angiography, whereas quantitative angiography was not, as previously described. The occurrence of >50% lesion in the target vessel at any one of these points was counted as a failure, whereas the absence of >50% lesion at all time points was considered a success. Only patients (n=371) who had in-hospital or follow-up repeat angiography during the study period were included in this analysis. The primary end point was analyzed by logistic regression techniques. Treatment comparisons were performed unadjusted and also adjusted for baseline disease factors known a priori to influence angiographic failure. These factors included unstable angina, hypertension, diabetes mellitus, lesion location, or lesion morphology (type A, B, or C) according to the ACC/ AHA classification. 8 The secondary end point, defined as clinical failure, was a rank-ordered composite end point that was hierarchical and in which patients were counted with the worst outcome that they experienced. 
Results
A total of 478 patients had a primary dilatation using the perfusion balloon to test the two dilatation strategies as outlined in the hypothesis. Two hundred fortytwo patients were randomized to receive the prolonged dilatation, and 236 were randomized to receive the standard dilatation.
Baseline clinical and angiographic characteristics in the two groups were generally similar, as shown in Table  1 . However, the target artery was more frequently the right coronary artery in patients randomized to prolonged dilatation (48% versus 39%). Conversely, more patients with the left anterior descending coronary artery as a target were treated in the standard arm (44% versus 36%). The majority of lesions being treated in the study were type B lesions (63%), and a restenotic lesion was the target in 78 patients (16%).
The procedure information is shown in primary dilatation was 25% (<25%, 25%) and with standard dilatation was 25% (<25%, 50%).
Patients assigned to prolonged dilatation had a higher success rate (visual stenosis of c50%) at the end of phase 1 (95%) compared with patients assigned to (3, 3.5) 3 (3, 3.5) 3 (2, 4) 1 (1,2) 1 (1, 1. 1) 15 (15, 15 .1) Maximum atmospheric pressure 6 (6, 8) Phase 2 Maximum balloon size, mm No. of dilations Dilation time, min 6 (6, 6) (n=71) (n=43) 3.5 (3, 3.5) 3.5 (3, 3.5) 2 (1, 2) 1 (1,2) 8.7 (2.1, 15.2) 3 (1.6, 5) Maximum atmospheric pressure 6 (6, 8) 8 (6, 10) Values are given as medians (25th and 75th percentiles).
standard dilatations (89%) (P=.016). The primary prolonged dilatation gave rise to fewer major dissections at the end of phase 1 (3%) compared with standard dilatations (9%; P=.003).
A total of 114 patients required further dilatations in phase 2, 71 patients in the standard dilatation arm, and 43 in the prolonged arm ( Table 2 ). The balloon size increased in both groups during phase 2. The median dilatation time was longer in the second phase in patients assigned to primary standard dilatations, whereas the inflation pressure increased in patients assigned to primary prolonged dilatations. The success rate of the 114 patients treated in phase 2 was 96% for those in the standard dilatation arm and 91% for those in the prolonged dilatation arm. The final procedural success rate (including phase 1 and phase 2) was 98% with both primary dilatation strategies. The rate of major dissections was also similar in both groups at the end of the procedure (standard dilatation arm, 6%; prolonged dilatation arm, 4%).
Complications occurring during both phases of the procedure and during hospitalization were rare and are shown in Table 3 . In hospital, 9 patients (4%) randomized to standard dilatation had either abrupt closure, myocardial infarction, repeat angioplasty of the target vessel, or coronary artery bypass graft surgery compared with 13 patients (5%) assigned to prolonged dilatation. The angiographic failures (defined as either failure at the end of phase 1, abrupt closure, repeat angioplasty of target vessel, or coronary artery bypass graft surgery) in the prolonged dilatation arm was 9% compared with 13% in the standard arm (P=.15) during the hospitalization.
The median time from angioplasty to follow-up angiogram was 6.2 (5.6, 7. 3) months in both groups. The clinical outcomes during the follow-up period were similar in both groups and are shown in Table 3 . Overall, 320 of 416 patients (77%) discharged after a successful procedure in the absence of any in-hospital event returned for follow-up angiography. The restenosis rate (visual diameter stenosis of >50%) was 44% (64 of 145; 95% confidence interval, 36% to 52%) in the standard dilatation group and 44% (77 of 174; 95% 
Discussion
This randomized trial comparing two primary dilatation strategies using a perfusion balloon found no difference in the overall angiographic outcomes or clinical events within 1 year of the initial procedure. Although the gradual prolonged dilatation strategy was associated with a better angiographic appearance during the first phase compared with the use of standard dilatations, the use of prolonged dilatations in the second phase of the procedure achieved a similar high procedural success rate (98%) in both groups. With an equally high procedural success rate, it is not surprising that the clinical event rates during the follow-up period were also similar in both dilatation strategies.
The use of a prolonged balloon inflation was associated with fewer major dissections during the initial phase of the procedure, a finding that supports an association between prolonged dilatations and less arterial trauma. Furthermore, prolonged dilatations have been used successfully to treat major dissections to achieve stable angiographic appearances after standard angioplasty.12-14 The use of longer dilatation times in the second phase of the procedure allowed the success rate to increase from 89% to 98% in patients assigned to an initial standard dilatation strategy.
A primary gradual prolonged dilatation led to a modest reduction in the residual percent diameter stenosis. This finding was supported by congruent observations by visual assessment and by quantitative angiography. The difference of 3% diameter stenosis between the two dilatation strategies is small but similar to the difference of 7% diameter stenosis observed in the randomized trial of atherectomy versus standard balloon angioplasty (CAVEAT).15 These modest differences in residual stenosis are not associated with any prolonged clinical benefit as documented in the present study and in the CAVEAT experience. 15 The restenosis rate in this study with prolonged dilatation (44%) was similar to those rates observed with standard balloon angioplasty16-'8 and with previous perfusion balloon angioplasty experience.' Recent observations by Kuntz and colleagues'9 have suggested that the residual luminal narrowing after percutaneous intervention is the major predictor of restenosis during follow-up. The modest differences between standard and prolonged dilatations at the end of the procedure observed in the present study suggest that this is not sufficient to reduce restenosis rates (see Fig 3) . Furthermore, the absence of a major dissection at the end of the procedure has previously been suggested to be associated with a higher rate of restenosis. 20 The small difference in the rate of major dissections (6% versus 4%) at the end of procedure was not sufficient in the present study to alter the rate of restenosis in the two treatment arms.
There are several limitations to the present study. It must be emphasized that the study attempted to evaluate inflation strategies and not the device per se. The perfusion balloon was used in both arms of the study, and therefore this trial cannot be used to judge results that would have occurred if the perfusion balloon could not be easily placed. Newer perfusion balloons with lower crossing profiles have become available since the completion of the study, which could allow for perfusion balloon angioplasty to be performed in more complex coronary anatomy. Because the same catheter with the same balloon material was used in both arms of the study, no comparison can be made with other materials and their effect on the incidence of major dissection and procedural success rate.2' Although many of the patients enrolled in the present study were young with predominantly one-vessel coronary artery disease and normal left ventricular function, the majority also had some high-risk features known to be harbingers of a high clinical and procedural adverse event rate after standard angioplasty, including unstable angina or more complex target lesion morphology (type B AHA/ACC classification) 10, 22 In conclusion, the present randomized trial of inflation strategies using a perfusion balloon has shown a high procedural success rate and few clinical adverse events irrespective of the initial inflation strategy used. The primary prolonged dilatation caused less arterial trauma with less major dissections and a modestly larger arterial luminal narrowing during the early phase of the procedure compared with a standard dilatation strategy. The initial standard dilatation strategy was enhanced with longer dilatations during the second phase of the procedure. The initial improvement in arterial appearance after prolonged dilatations did not lead to a significant reduction in clinical adverse events or restenosis during follow-up. The use of prolonged inflations during balloon angioplasty either primarily or as dissection repair may be sufficient to achieve high procedural success rates with an acceptable incidence of adverse clinical events and restenosis.
